ABSTRACT -Introduction: Secondary neoplasias are the most common tumors affecting the central nervous system and several clinical aspects of this disease are still controversial. Method: Forty-seven consecutive patients with the diagnosis of cerebral metastases (CM) were retrospectively studied at the Clinical Hospital of São Paulo University Medical School. Mean age was 53.9 years and 25 patients were female. Results: The most frequent primary sites were breast, lung and skin. Symptoms were related to increased intracranial pressure (ICP) in 48.9%, focal neurological events in 27.7% and both in 17.0%. Single brain metastases were found in 57.4% of those cases, the frontal lobe being most frequently affected. Surgical treatment was performed in 68.1%, radiotherapy in 40.4% and chemotherapy in 17.0%. Conclusion: After statistical analysis, there was a trend towards prolonged survival of female patients, patients with ICP symptoms and the surgical group. Data from different centers are essential to establish the best management of CM.
The most common group of neoplastic diseases affecting the central nervous system (CNS) is composed of secondary neoplasias, representing a significant cause of morbidity and mortality. The proportion of all cancer patients who develop cerebral metastases (CM) at some time during the course of their disease lies between 20 and 30% 1 . This frequency is further increased in patient series including only certain neoplastic diseases such as melanoma, lung and breast cancer or series which underwent magnetic resonnance to detect CM, reaching 50% in an autopsy series of patients with lung cancer [2] [3] [4] [5] . Even though the skull and the meninges may be affected by metastases, the most common site of tumour implantation is the cerebral parenchyma itself. This is due to the hematogenic seeding of tumour emboli from distant body sources. Thus, it is not surprising that the cerebral hemisphe-res are the most commonly affected (80%), followed by the cerebellum (15%) and brain stem (5%), reflecting division of blood supply to the brain 6 . The usual clinical picture is similar to any other expansive lesion of the CNS, and often includes symptoms of increased intracranial pressure (ICP) such as headache, nausea, vomiting and seizures, or localized symptoms such as motor and sensitive deficits, ataxia, aphasia and simple partial seizures 7 .
Symptoms are commonly progressive and may appear before, during or after the detection of the primary neoplasm site. Symptom onset, progression and severity depend on several characteristics of the metastatic lesion, such as number, anatomic site, size, growth rate and histology 8 . Being composed of diverse neoplastic diseases, each with its own characteristics, the clinical management of CM is still controversial on many aspects. Neurosurgeons continue to debate as to the progression of both the primary and the secondary lesions can be predicted by some form of clinical index or characteristic, so that the treatment of CM could be tailored for each patient. Overly aggressive treatments are often questionable, since the primary neoplastic disease may not be controllable. These aspects are further complicated by the fact that CM present regional and demographic peculiarities which extrapolate the variations in the individual frequencies of the different neoplasms, thus justifying both extensive and regional clinical studies.
Therefore, the objective of this study is to report and analyze the clinical data of patients diagnosed with CM and followed by the Brain Tumor Group at the Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo (HC-FMUSP) over the period between November 1999 and May 2002, emphasizing the clinical presentation of the disease and its evolution after treatment.
METHOD
Forty-seven consecutive patients diagnosed with CM and followed by the Brain Tumor Group at the HC-FMUSP from November 1999 until May 2002 were retrospectively studied. Medical recorders were searched for information about age, gender, primary tumor site, clinical presentation, evolution and treatment, number and location of the metastases. Demographic data of the 47 patients are shown in Table 1 . These data were submitted to statistical analysis employing SPSS 10.0 (SPSS Inc., Chicago, IL, USA). The log-rank test was used to detect statistically significant differences while the Kaplan-Meier test was utilized to correlate clinical information with patient survival 9 . Statistical significance was set at 0.05 level.
RESULTS
The most frequent primary neoplasm was breast cancer (23.4%) followed by lung (19.1%) and melanoma (8.5%). Breast cancer represented 44% of the female cases, as opposed to lung cancer, which was the most frequent primary neoplasm among men (31.8%). Tumors with unknown primary site accounted for 17% of our cases (8 patients); all had the histological diagnosis of undifferentiated adenocarcinoma except for one which had been diagnosed as undifferentiated small cell neoplasm ( Table 2) .
The breast was the most frequent primary site in patients under 45 years of age, while neoplasms with undetermined primary site and lung neoplasms were found with the same frequency (22.7%) in patients aged 45-65 years. Additionally, older patients presented a high frequency of primary lung cancer (23.1%) followed by primary gastrointestinal (GI) tumors. Breast cancer was a significant cause of cerebral metastases across all age groups (Table 3) . The most common symptoms were related to increased ICP (48.9%), especially headache (39.1%) and generalized seizures (30.4%). In contrast, focal neurological events such as motor deficits or simple partial seizures were present in 27.7% of our patients. Symptoms of both localized lesions and increased ICP were reported by 17.0% of our patients and 6.4% (3 patients) related that a bulging mass was their first symptom. Mean time between symptom onset and the first medical evaluation was 5.8 months. Focal manifestations led patients to seek medical attention sooner than increased ICP symptoms (p < 0.05). More than 75% of the patients with focal symptoms sought medical care in less than one month, as opposed to only 5% of those with increased ICP symptoms.
Single brain metastases comprised 57.4% (27 patients) of our cases (Fig 1A/B ). One patient (2.1%) had an extra-cranial metastasis only. The frontal lobe was the most affected site (33.3%) followed by the cerebellum (14.8%), the parietal lobe (11.1%), the temporal lobe (3.7%) and the thalamus (3.7%). Furthermore, diffuse single lesions (those involving more than one lobe) were responsible for 33.3% of these cases. Multiple metastases were found in 19 patients (40.4 %) (Fig 1 C/D) . Two lesions were identified in 42.1% of these cases, three in 21.1% and more than three in 36.8%. In addition, symptoms of increased ICP (alone or with focal neurological events) were more frequent in patients with multiple metastases (78.9% versus 59.3% of the pa- tients with a single tumor), though statistical significance was not reached (p = 0.07). No correlation could be found between symptom (focal or increased ICP) and the affected cerebral lobe (p = 0.1). Division of our cases according to supra-or infratentorial location revealed interesting correlations. Most patients had supratentorial metastases (33 patients -70.2%), while infratentorial and multiple (at least one supratentorial and one infratentorial tumor) accounted for 12.8% and 17.0% respectively. Focal and increased ICP symptoms were both reported by 40.6% (13 patients) of the patients with supratentorial masses. All patients with infratentorial metastases reported increased ICP symptoms and 50% also presented some form of cerebellar syndrome. None of these patients related only focal symptoms. This correlation between supra/infratentorial location and the presented symptoms proved to be statistically significant (p=0.01). One case presented only extracranial symptoms (2.1%).
There was a strong correlation (p < 0.001) between the number of metastases and supra-or infratentorial location. Single tumors were predominantly supratentorial (81.5%) while multiple metastases were exclusively supratentorial in 52.6%, while being exclusively infratentorial in 5.3% and both supra-and infratentorial in 42.1%.
No correlation was identified between the number of metastases and primary tumor site (p = 0.8). Breast and lung cancer metastases were multiple in 63.6% and 44.4% of cases, respectively, and GI, thyroid, kidney tumors and seminoma cases did present only single metastases.
Clinical details according to treatment option are given in Table 4 . The treatment category named "Other" in this table refers to 4 patients who underwent steroid therapy only. Radiosurgery was employed in two operated patients after tumor recurrence. Two patients with metastases in different lobes were operated on (one case with bilateral frontal metastases and one with left cerebellar and parietal tumors). Three other patients had systemic disease with local symptoms (one case each of lymphoma, breast and thyroid cancer). No statistical significance was found between surgical treatment and the number of metastases (p = 0.4), however supratentorial location was found to be a significant factor (p = 0.014).
Sixteen patients (34%) were still being followed as of November 2002. All surviving patients at that time had a Karnofsky Performance Status over 70. The maximum follow-up period was 36 months with a mean survival time after treatment of 8.3 months (Fig 2A) . Mean survival time after surgical RDT, radiation therapy; Chemo, chemotherapy.
Fig 2. (A) Overall survival. (B/C/D) Kaplan-Meier survival curve (B) according to treatment option (p = 0.2), (C) according to the presence of systemic disease activity (p = 0.68) and (D) for neurological symptoms (p= 0.08).

Fig 3. Kaplan-Meier survival curve (A) according to patient gender (p = 0.055), (B) for patient age (p = 0.78), (C) for metastases localization in the brain (p = 0.30) and (D) according to the number of metastases (p = 0.42).
treatment was longer than after other treatment options (14.0 versus 5.0 months), but statistical significance was not reached (p = 0.20). Six-month survival rates after surgery and other treatments were 66.7 and 25%, respectively (Fig 2B) . Survival according to the presence of systemic disease activity is shown in Figure 2C . The evidence of extracranial disease did not statistically affect survival time (p = 0.68). Patients with focal symptoms had worse survival rates than those with ICP and extra-encephalic symptoms, though this was not statistically significant (p = 0.08, Fig 2D) . There is a trend towards prolonged survival of female patients (p = 0.055 - Fig 3A) . Additionally, no association was noted between the patient age (p = 0.78), location (p = 0.30) and the number (p = 0.42) of metastases and survival (Fig 3B, 3C and 3D)
DISCUSSION
Cerebral metastases are the most prevalent of CNS neoplasms, affecting almost 20% of all cancer patients 8 . Among intracranial diseases, CM are second only to cerebrovascular disease as the leading cause of mortality 7, 10 . Most studies report that CM tend to involve male patients more frequently, but this seldom reaches statistical significance. In our series, there is a slight female prevalence, probably owing to the large number of breast neoplasm cases when compared to other patient series 11 .
Despite single metastases being the most common, the most frequently reported symptom was ICP. This is largely due to the nature of tumor growth and its surrounding edema. Focal symptoms were more frequent in supratentorial lesions confined to one lobe only, but a direct relationship between symptoms and the number of metastases could not be established.
Most patients of this series (68.1%) underwent surgical treatment. Our group adopts classical indications for surgical treatment, taking into account not only the number of metastases, but also the presence of systemic disease, patient age and symptoms, as well as the tumor site (supra-or infratentorial) [11] [12] [13] [14] [15] [16] [17] . Lagerwaard, et al. report systemic tumor activity as an independent, high-impact prognostic factor, and secondary prognostic factors as patient age, number of metastases and histological diagnosis of the primary tumor 11 . Sixty-two percent of the operated patients in our series had a single cerebral lesion, while 34.4% had more than one brain lesion and 3.1% had only extra-encephalic symptoms.
Only five of the 32 operated patients had uncontrolled systemic disease or were treating it. All five patients were under 65 years of age and three of them had single supratentorial metastases. The remaining two cases had two metastases each, but both could be removed during the same craniotomy. Surgical treatment was justified in these cases because of their age, evident signs of neurological deterioration and the likelihood that complete resection might improve the survival time [12] [13] [14] [15] 17 .
Another nine cases with controlled systemic disease and multiple metastases were also operated on. All nine of these patients were under 65 years and the removal of all lesions could be performed via the same craniotomy. Neurological deterioration and controlled systemic disease also played an important role in the decision-making process for these cases. In the study of Bindal et al., the survival of patients with controlled systemic disease and multiple CM (which were all removed though one craniotomy) was compared to the survival of those with single metastases 15 . Both groups were submitted to surgical treatment and survival rates were similar. Furthermore, complete removal of multiple foci was associated with improved survival rates than suboptimal removal of single metastases. In line with Bindal et al. recommendations, patients in our series who had both multiple CM and were more than 65 years old were not submitted to surgical treatment 15 .
Even though mean survival time after surgery was longer than after other treatments, statistical significance was not reached. Similarly, mean survival time of patients with controlled systemic disease (11 months), though longer, did not reach statistical significance when compared to patients with uncontrolled systemic disease (8 months) (p=0.68). Other secondary factors such as location and number of metastases, age and histological diagnosis were not associated with increased survival in our series. The only clinical factors which did suggest a direct association with increased mean survival time were patient gender and symptoms at onset. The patient gender link is possibly a result of selection bias, since our series possesses more breast neoplasm cases than most series. Those with extra-encephalic or increased ICP symptoms had a higher mean survival time than those with focal symptoms. Focal symptoms may be linked to a more rapidly deteriorating neurological condition, which can be apparent by a shorter time interval between symptom onset and the seek-ing of medical attention (p < 0.05). In the present series the data about Karnofsky's performance scales and/or ECOG (Eastern Cooperative Oncology Group) were not complete; however they have been long recognized as independent, high-impact prognostic factors in the clinical progression of brain metastases 11 . On the other hand, the results about the onset symptoms might refine medical decision-making and become a prognostic factor comparable to those scales in the future.
Further investigations into the data presented here should be undertaken before our results can be introduced into clinical practice. In the age of evidence-based medicine, the average neurosurgeon is faced with a myriad of guidelines and recommendations which are often conflicting. Therefore, critical judgement is necessary to analyze the foundations upon which scientific papers are based. Frequently, guidelines are established based on inadequate research designs, which can lead to catastrophic results. Establishing clinical recommendations based on retrospective, non-randomized studies such as the present study can often be difficult. This study design has several inherent deficiencies, including selection bias. Treatment options were considered in the light of numerous factors, which may in turn have altered final outcome. On the other hand, it remains doubtful as to whether any form of prospective, randomized study could be conducted in a scientifically correct and ethical manner in the special case of brain metastases. Perhaps the most useful features of our study are the clinical characterization of this disease in Brazil and the association of presenting clinical signs and symptoms with other disease characteristics (such as metastases location and number) and final outcome. The analysis of treatment results and their relation to final outcome should, however, be examined thoroughly and compared to both clinical studies and neurosurgeons' individual experience.
